Two bacterial antibiotic resistance genes, one coding for the neomycin phosphotransferase (NPT I) from Tn903 f and the other coding for the chloramphenicol acetyltransferase from TnS. were used as plant selectable markers. Both genes were introduced into the Nicotianfl tabacum genome in a new plant expression vector, using the direct gene transfer method. The vector pDH51, used in these experiments contains a plant expression unit as a movable cassette, consisting of the strong cauliflower mosaic virus (CaHV) 35S RNA promoter and transcription terminator separated by a polylinker containing several unique restriction sites.
INTRODDCTION
The development of a direct plant protoplast transformation system using a bacterial plasmid DNA containing a selectable plant marker gene (1, 2) has opened an easy route for the introduction of a variety of different genes into plant cells. To achieve a high level of expression it is necessary to put the foreign gene under control of plant transcription signals. Cauliflower mosaic virus (CaHV) contains two well characterized promoters and a transcription terminator (polyadenylation site) (3) . Both of the CaMV promoters, one directing the synthesis of the 19S RNA (1, 4, 5) and the other controlling the synthesis of 35S RNA have been used for transformation of plants in combination with appropriate plant selective markers (6) . The 35S promoter has also been used for the transient expression of a chloramphenicol acetyltransferase (CAT) gene after electrical introduction of the DNA into plant protoplasts (7) . We used the 35S promoter and terminator of CaHV to construct a convenient plant expression vector and expressed several genes in plants after transformation of protoplasts via direct gene transfer. Several unique restriction sites between the promoter and terminator as well as outside of the plant expression unit facilitate the manipulation of this vector. Plant transformation vectors with the CaHV 35S promoter combined with polycloning sites have not been described so far.
MATERIALS AND METHODS

Materials
Restriction endonucleases and other enzymes were purchased from commercial sources and used according to producer's recommendation. (l*C)chloramphenicol was obtained from Amersham. Origin and conatrnction of piaamlHn Construction of the plant expression vector pDH51 A £ca.I fragment of CaMV "S" comprising nucleotides 6808-7632 on the seqence map (8) , cloned into the final site of pUC18 (9) was used as a source of fragments containing the 35S promoter and terminator. The above plasmid pDB21 was digested with the restriction enzyme Hyh.1 and the cohesive ends removed with T4 DNA polymerase. Two of the resulting fragments were isolated from an agarose gel: fragment A. containing the promoter region with the following coordinates on the sequence maps of pOC18 (10) and CaMV Fragment fi was ligated with fi^hl linkers, digested with restriction enzyme ECQRI, the ends filled with the Klenow enzyme, ligated with aindlll linkers and digested with fiindlll and SphI restriction enzymes. The resulting fipjil -Hindlll fragment containing the CaMV transcription terminator was inserted into the plasmid pDG2 between the lindlll and S.sh.1 sites, and transformants were screened for the presence of the CaHV terminator fragment. Several such recombinants were isolated, and one of them, pDH51, was selected for further studies. Fig.l shows the structure of the plasmid pDH51. Construction of the plasmid pEP9
Plasmid pEP9 (Fig.2) was constructed using the following building blocks: 1) pDH51 cut in the polylinker sequence at the Xmal and HamHI restriction sites. 2) aa£.EI I-Xhj}l fragment (pos. 130-1645) of CaMV "S" (11) . 3) a XlioJ-BflmHI fragment from plasmid pLT98Km (12) containing the coding region of NPT I (13) . During the course of construction the Xma.1 in pDH51 and Bs_tEII sites were filled with Klenow enzyme and ligated, with reconstruction of the two sites. A fiatEII-fialll CaMV fragment (pos.130-1309) was deleted by restriction, followed by filling in and ligation. Thereby the EfitEIl and BslII restriction sites were destroyed.
Construction of pDW2
A promoterless fragment of the transposon Tn9_ coding for the chloramphenicol acetyltransferase (CAT) gene (14) was obtained from the plasmid pYEJOOl (15) as a aiadlll fragment. This isolated fragment was treated with the Klenow fragment of DNA polymerase to fill in the ends, and ligated with XJio_I linkers. Plasmid pDH51 was digested with Sail and ligated with the XilQl CAT fragment. Recombinants with the insert in the proper orientation were selected and used for protoplast transformation. Origin of plasmid pABDl Plasmid pABDl is fully described by Paszkowski et al (1) . Trannfprumtion of plant protoplast*!* Preparation of plasaids for protoplast transformation Plasmids for transformation were isolated by an alkaline lysis technique, linearised at a unique restriction site, and sterilised with 70% alcohol, washed with 100% alcohol, dried, and taken up in double distilled water as described by Shillito fit al.
(
2). Preparation of protoplasts
Leaf mesophyll protoplasts were prepared from N.tabacum c.v. Petit Havana SRI (16) using a modification of the method of Nagy and Haliga (17) as described by Potrykus and Shillito (18) .
Transformation of protoplasts
Samples of 350,000 protoplasts were transformed as described by Shillito et al. (2) .
For pEP9, 10 f<g/ral linearised plasmid(£c_a.I) was used without carrier DNA in the transformation. For pDW2, 10 ^g/ml linearised (fiflll) plasmid was mixed with 10 jUg/ral linearised (Small pABDl.
Protoplast culture and selection of transformants
This was carried out using the bead type culture system (19) as described by Shillito et al. (2) .
Kanamycin resistant clones were selected using 50 /Kg/ml kanamycin sulphate. Call! and the plants regenerated from them were resistant to kanamycin sulphate applied at 50 fjg/ml. Chloramphenicol resistant clones were selected by treatment with 40 ,ug/inl chlorainphenicol from the 2nd to 4th weeks after transformation, followed by dilution of the chloramphenicol during subculture. The ca11i and the regenerated plants obtained in this way showed some tolerance to chloramphenicol. However, the resistance was not sufficient to allow easy differential selection between wild type and transformant as the sensitivity of wild type cells to chloramphenicol varies widely with small changes in the culture conditions, and the chloramphenicol can be applied for only a short time without killing the transformants. In the experiment described, the selection worked correctly. Growth thus stopped one division following addition of the chloramphenicol to the culture, and small fast growing colonies were observed two weeks after removal of the chloramphenicol. Thus all the clones recovered after chloramphenicol selection contained the gene and the CAT activity. No resistant colonies were recovered when selection was attempted on similar material using a regime of 10 /ug/ml chloramphenicol over weeks 2-6. No fake positives were seen in these experiments or other experiments carried out since, except when a clear overgrowth of the whole culture occured (for example when using only 5 /ig/ml chloramphenicol).
DNA isolation from plant material
DNA from callus and leaf material was isolated as described by Paszkowski and Saul (20) .
Southern blot analysis
Southern blot analysis was carried out according to Southern (21) as described by Paszkowski et al. (1) . 4 g of plant DNA was loaded per track.
Assay of Neomycin phosphotransferase activity
This was carried out using a modification of the method of Reiss e_t al. (22) as described by Paszkowski e_t al.. (1) . Callus or leaf material (50-100mg) was crushed in the extraction buffer (10%v/v glycerol, 0.01%w/v sodium dodecyl sulphate, 5%v/v mercaptoethanol, 0.005% Bromophenol blue, 0.0625H. Tris pH 6.8),' run in a nondenaturing polyacrylamide gel, and assayed by its ability to phosphorylate kanamycin.
Assay of Chloramphenicol Acetyltransferaee
This was carried out essentially as described by Fromm et al. (7) using lOOmg of plant material, crushed in the extraction buffer in an Eppendorf centrifuge tube.
Other methods
All other molecular biological techniques were carried out as described by Haniatis e_t a_l., (23) .
RESULTS
Construction of the plant expression vector based on the cauliflower mosaic virus 35S RNA promoter and terninator
The DNA fragment of CaMV containing the 35S RNA promoter and terminator was cloned in the plasmid pUC18 and a polylinker was introduced between the promoter and terminator as described in Materials and Methods. The resulting plasmid pDH51 is shown in in the fused gene shown in Fig.2 , in which the coding region of the NPT was located on the C-terminal part of the fusion protein.
The fragment coding for the fusion protein was cloned into pDH51 as described in Materials and Methods. The resulting plasmid pEP9 (Fig.2) , in which the NPT fusion gene was under control of the 35S promoter, was used for tobacco protoplast transformation. Several transformants vere selected on a medium containing 50 fig/ml kanamycin sulphate and three of them were analysed for the presence of the plant expression unit in the DNA of transformed pDH51 Fig. 2 .
Structure of the expression pTasmtd pEP9 Promoter and terminator of the parent plasmid pDH51 are marked "P" and "T", respectively. Construction of the fusion CaMV ORFII-NPT I (Km r ) gene is described in Materials and Methods. The cauliflower mosaic virus part of this gene is marked CaMV and Tn903 part is marked accordingly with numbers corresponding to the sequence of CaMV DNA (8) and TnilLl (13) . Restriction sites marked (Bat EII) -(figlll) indicate deletion of the part of CaMV DNA as described in Methods. Restriction sites of the 3' end of the fusion gene fragment originate from the plasmid pLT98 Km r (12) which was used as a source of the NPT part of this fragment. DNA from calli was isolated as described by Paszkowski fit alw (1) digested with EcflRI, electrophoresed in 0.9% agarose gel and blotted onto a nitrocellulose filter (21) . The fi£O.RI fragment of pEP9 containing the promoter and the fusion gene fragment (see Fig.l and 2 ) but without the terminator part was used as a hybridization probe. Isolation of the fragment from the agarose gel, nick translation and hybridization were done following methods described by Maniatis fit fl_l., (23) . Arrows indicate positions of markers with the corresponding lengths (bp). Lane 1, E££RI digested plasmid pEP9-2 pg; Lanes 2-4, E£flRI digested DNA from transformed calli -4 fiqi Lane 5,£co.RI digested DNA from wild-type tobacco callus -4 /ig.
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calli. All three transformants showed the presence of an fragment hybridizing with the E_C_QRI fragment from the plasmid pEP9 (Fig.3) comprising the promoter and the fusion gene region (see Fig.2 ). The £C_QRI fragment in the plant DNA is larger than the marker fragment of the pEP9. A possible reason for this may be an integration of the pEP9 into the host DNA at a site inside the EcflRI fragment (this may also explain the existence of the second larger fragment in the lane 2). Another explanation may be
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4. Southern blot analysis of DNA from tobacco calli transformed with the plaamid pDW2 DNA isolation, digestion with EcoRl and blotting was a6 described in the legend to Fig.3 . The probe for plant DNA from pDW2 transformed calli was made as follows: plasmid pDW2 was partially digested with restriction enzyme Hc. Q. 1 and then with Hlndlll. The DNA fragment corresponding to the entire expression unit containing promoter, CAT coding sequence and terminator was isolated from the agarose gel, treated with Klenow enzyme and ligated with Sail linkers. This fragment was cloned into vector M13 mpl8 (9) cut with Sail. Single stranded DNA of the H13 phage containing the cloned fragment was used after annealing with the sequencing primer to synthesize a ' P labeled complementary strand. This probe was used in the same way as the nicktranslated probe described in the legend to Fig. 3. Lanes 1-3 (14) was cloned into the expression vector pDH51 (see Materials and Methods). Protoplasts were transformed and selected on medium containing chloramphenicol. Several clones were obtained in this way, and three of them analysed for the presence of the integrated DNA. Fig.4 shows the Southern blot of £C_QRI digested DNA from chloramphenicol resistant calli. The double arrow shows a double ECJIRI band. These two bands of nearly the same size are the result of three ECQRI sites in the plasmid pDW2: two outside the expression unit and one in the coding region of CAT. The presence of several bands in the middle part of the blot may result from hybridization between the M13 probe and the pUC18 portion of the pDW2 expression vector integrated into host DNA.
Of the clones transformed with a mixture of pABDl (1) and pDW2 (NPT II of Tn^ and CAT gene respectively) which were selected on the basis of their chloramphenicol resistance (see Materials and Methods) all showed CAT activity (figure 5), and 2 of the 4 analysed showed NPT II activity originating from pABDl (data not shown). This is the first reported case of cotransformation of 2 separate selectable genes into plants.
DISCDSSION
In this paper we describe the construction of a convenient plant expression vector. This vector may be used either for direct plant protoplast transformation (1) or could be adapted as part of an A.tumefaciens Ti plasmid transformation system (25) . Plasmid pDH51 contains a plant expression unit as a movable cassette. This cassette contains a very strong promoter and a transcription terminator (polyadenylation site) separated by several unique restriction sites. Another convenient feature of this plasmid is the presence of the lac promoter in front of the 35S promoter. This bacterial promoter allows the expression in Ej-CQli of genes inserted in the polylinker region. Thus, constructs containing genes which are selectable in E.col1 may be directly selected for correct insertion and function.
We have used pDH51 to transform plant protoplasts with constructs containing either a hybrid NPT type I gene (from Tn£Q_3.) or a CAT gene (from Tn2.) • These two genes have not previously been considered as useful selectable markers for plants. In our case we were able to directly select for resistance to kanamycin and chloramphenicol, respectively. However, selection for the latter was difficult and is not easy to reproduce (see Materials and Methods), and this gene should be primarily considered as an assayable "reporter" gene. The NPT type I construct, however, gave a high and easily selectable resistance to kanamycin.
In the experiments in which CAT was used as a selectable marker, we used a mixture of pABDl (conferring kanamycin resistance) and pDW2 to transform. We were able to show co-transformation of the traits for NPT (type II) activity and CAT activity. The plants which show both activities are useful material for the investigation of the inheritance of separate genes introduced into plants by co-transformation. The phenomenon of co-transformation is the subject of a more rigorous study which was carried out in our laboratory (26) .
Plants transformed with the CAT containing expression vector could be easily assayed using the standard method for chloramphenicol acetyltransferase (see Fig.5 ). However use of the NPT type II assay (22) for the NPT I enzyme used in this publication did not result on the detection of any kanamycin phosphorylating activity.
The simple and sensitive assay for CAT activity, together with the ease of manipulation of the plasmid pDW2, makes this plasmid useful for studying plant transcription regulation signals employing the 35S promoter.
Plasmid pDH51 has also been used to construct a hybrid selectable marker employing the hygromycin B phosphotransferase from Streptomyces hyqroacopicus. In this case, it was found that the 35S promoter was clearly stronger than a 19S promoter compared in a similar construct (Paszkowski et al.,unpublished) . The neoroycin phosphotransferase type III gene (from streptococcal plasmid pJHl) (27) , when inserted in the polylinker site of pDH51, has also been found to confer resistance to kanamycin on plant cells (Shillito & Pietrzak, unpublished) .
